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Abstract
Background—The relationship between
infant feeding and childhood asthma is
controversial. This study tested the hypo-
thesis that the relation between breast
feeding and childhood asthma is altered
by the presence of maternal asthma.
Methods—Healthy non-selected newborn
infants (n=1246) were enrolled at birth.
Asthma was defined as a physician diagno-
sis of asthma plus asthma symptoms
reported on >2 questionnaires at 6, 9, 11 or
13 years. Recurrent wheeze (>4 episodes in
the past year) was reported by question-
naire at seven ages in the first 13 years of
life. Duration of exclusive breast feeding
was based on prospective physician re-
ports or parental questionnaires com-
pleted at 18 months. Atopy was assessed by
skin test responses at the age of 6 years.
Results—The relationship between breast
feeding, asthma, and wheeze diVered with
the presence or absence of maternal
asthma and atopy in the child. After
adjusting for confounders, children with
asthmatic mothers were significantly
more likely to have asthma if they had
been exclusively breast fed (OR 8.7, 95%
CI 3.4 to 22.2). This relationship was only
evident for atopic children and persisted
after adjusting for confounders. In con-
trast, the relation between recurrent
wheeze and breast feeding was age de-
pendent. In the first 2 years of life
exclusive breast feeding was associated
with significantly lower rates of recurrent
wheeze (OR 0.45, 95% CI 0.2 to 0.9),
regardless of the presence or absence of
maternal asthma or atopy in the child.
Beginning at the age of 6 years, exclusive
breast feeding was unrelated to prevalence
of recurrent wheeze, except for children
with asthmatic mothers in whom it was
associated with a higher odds ratio for
wheeze (OR 5.7, 95% CI 2.3 to 14.1), espe-
cially if the child was atopic.
Conclusion—The relationship between
breast feeding and asthma or recurrent
wheeze varies with the age of the child and
the presence or absence of maternal
asthma and atopy in the child. While asso-
ciated with protection against recurrent
wheeze early in life, breast feeding is asso-
ciated with an increased risk of asthma
and recurrent wheeze beginning at the age
of 6 years, but only for atopic children
with asthmatic mothers.
(Thorax 2001;56:192–197)
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The literature regarding the relation between
infant feeding practices and the development
of childhood asthma and allergic wheezing is
conflicting. Although some larger studies1–3

have shown no significant relation between
feeding history and asthma, others4 have found
a protective eVect of breast feeding for asthma
in 6 year old children. Further confusing the
picture is the fact that childhood wheezing
encompasses both transient infectious wheeze,
which predominates early in life, and allergic
wheezing. While the risk factors, underlying
mechanisms, and sequelae of these two types of
wheezing may diVer,5 both may be labelled
“asthma” early in life.

The association between infant feeding and
asthma is often assessed after adjusting for
parental history of allergy to control for
confounders and to determine whether allergic
predisposition might alter the relationship.
However, given the well documented indi-
vidual variability in milk composition,6 it is
plausible that the milk of asthmatic mothers
may diVer from that of non-asthmatic mothers
resulting in diVerential eVects of breast feeding
on asthma depending on the presence or
absence of maternal asthma. This paper
assesses the relationship between breast feed-
ing and the development of childhood asthma
and wheeze after adjustment for maternal
asthma.

Methods
Data for this report came from the Tucson
Children’s Respiratory Study (CRS), a pro-
spective longitudinal study of the risk factors
for the development of asthma in childhood.
Healthy newborn infants (n=1246) and their
families using the largest local health mainte-
nance organisation (HMO) were enrolled at
birth between 1980 and 1984; more detailed
descriptions are available elsewhere.7 8 Infants
were not selected with reference to allergic his-
tory or feeding plans. Information on parental
characteristics (ethnicity, education, and physi-
cian diagnosed asthma) and number of siblings
in the household was obtained by question-
naire at enrollment. Data on day care attend-
ance in the first 6 months of life was obtained
by questionnaire at year 6.

Infant feeding information was derived from
two sources; concordance between the two
sources was very high (>90%).9 Briefly, at each
health surveillance visit the HMO physicians
recorded on a standardised form whether the
child was currently breast fed and/or receiving
formula foods or milk. Information was also
obtained by questionnaire at year 2 about the
age at which formula and solids were intro-
duced. Prospective data (from health surveil-
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lance visits) were given priority and used to
classify 74% of the subjects. Children were cat-
egorised with regard to duration of exclusive
breast feeding (never breast fed, breast fed
exclusively <4 months, breast fed exclusively
>4 months). Data on maternal smoking during
the infant’s first year of life was also obtained in
the year 2 questionnaire.

Questionnaires ascertaining respiratory
health were completed at 2, 3, 6, 9, 11 and 13
years (mean (SD) age: 1.6 (0.4), 2.9 (0.5), 6.3
(1.0); 8.6 (0.7); 10.9 (0.6), and 13.5 (0.6)
years, respectively). At each age the parents
were asked whether the child ever had asthma,
whether a doctor said the child had asthma,
whether the child had asthma symptoms in the
past year, and how frequently the child
wheezed in the past year. Recurrent wheeze
was defined at each age as wheezing >4 times
in the past year. At years 2 and 3 parents were
asked whether their child had wheezed during
the past year and, if so, how often on a 5 point
scale from “very rarely” to “on most days”.
Children scoring >2 on this scale were defined
as having recurrent wheeze in the past year.
Asthma was defined as physician diagnosed
asthma in the child and wheeze or asthma
symptoms reported on two or more question-
naires from age 6 to 13 years. Only these ques-
tionnaires were considered in the definition of
asthma to minimise the possibility that early
infectious wheeze was misdiagnosed as asthma.
At age 6 skin prick tests were conducted using
seven locally significant allergens, as described
elsewhere.10

Relationships between feeding history and
asthma in the child were first assessed bivari-
ately and then stratified according to the pres-
ence or absence of maternal asthma. Standard
statistical procedures (t tests and contingency
tables using the ÷2 distribution) were used to
assess statistical significance. Logistic
regression was used to assess whether the odds
of asthma or, separately, recurrent wheeze were

related to breast feeding and maternal asthma
after adjusting for maternal education (>16 v
<16 years of schooling), maternal smoking in
the first year of life, sex, ethnicity (one or more
white non-Hispanic parent v all others),
presence of two or more siblings at home or use
of day care with six or more other children v
neither exposure in the first 6 months of life,
and paternal asthma. Log-linear modelling
using saturated models was used to compute
partial ÷2 statistics to determine statistical
significance of eVects at an á level of 0.05. The
partial ÷2 is the diVerence between the
goodness of fit statistic (likelihood ratio ÷2)
with and without the term or eVect being
tested, and can be used to test the hypothesis
that the eVect is zero.11

All components of the study were approved
by the University of Arizona institutional
review board and informed consent was
obtained from the parents.

Results
POPULATION CHARACTERISTICS

Data regarding breast feeding were available
for 1043 children. The majority of children
(83.7%) were breast fed, although most breast
fed infants (58.8%) were given formula or
other foods in the first 3 months of life. Moth-
ers were significantly more likely to breast feed
exclusively for >4 months if they had com-
pleted college, were non-Hispanic, or did not
smoke in the child’s first year of life, as shown
in table 1. Infant feeding was unrelated to the
presence of maternal asthma or whether the
mother had current symptoms (assessed soon
after delivery), the child’s sex, day care use or
the presence of other siblings in the first 6
months, or paternal history of physician
diagnosed asthma.

By the age of 13 years 14.3% of children had
asthma. The proportion of children with
recurrent wheeze was relatively constant, rang-
ing from 7.5% in the first 18 months to 8.7% at
age 13; 73% of children with asthma reported
recurrent wheeze between the ages of 6 and 13.

INFANT FEEDING AND MATERNAL ASTHMA AS

PREDICTORS OF CHILDHOOD ASTHMA

There was no significant relationship between
asthma by age 13 and duration of exclusive
breast feeding (table 2). However, the associ-
ation between feeding and asthma diVered
according to the presence or absence of mater-
nal asthma. In children with non-asthmatic
mothers the percentage with asthma by age 13
was unrelated to duration of breast feeding, but
in children with a maternal history of asthma
there was a direct relation between duration of
breast feeding and asthma. Current asthma
symptoms in the mother did not appear to
confound the relationship (data not shown);
85% of asthmatic mothers were atopic. The
presence of asthma in the father did not aVect
the relation between breast feeding and asthma
(table 2).

Logistic regression was used to assess the
relation between childhood asthma and feeding
history and maternal asthma, after adjusting
for confounders. The odds ratios (OR) for

Table 1 Characteristics of children by infant feeding history

Never BF
(n=170)

Exclusive BF <4
months (n=514)

Exclusive BF >4
months (n=359)

% >1 non-Hispanic parent* 69.4 82.7 92.2
% >16 years maternal schooling* 5.3 18.7 24.2
% mother smoked in child’s infancy* 29.8 28.0 16.7
% with >2 siblings or attending day care with

>6 other children 36.6 28.2 26.5
% ever maternal MD asthma 7.2 11.4 11.6
% of mothers with current asthma symptoms 2.4 4.8 5.7
% paternal MD asthma 16.6 12.1 11.4

BF = breast feeding; MD asthma = physician diagnosed asthma.
*p<0.0001 for relation with feeding history.

Table 2 Percentage (n) with asthma by infant feeding category and parental asthma
status

Total Never BF
Exclusive BF
<4 months

Exclusive BF
>4 months

Total group 14.4% (133/926) 12.2% (18/147) 13.5% (60/445) 16.5% (55/334)

Maternal asthma* 30.3% (30/99) 9.1% (1/11) 23.5% (12/51) 45.9% (17/37)
No maternal asthma 12.4% (101/816) 11.4% (15/132) 12.3% (48/390) 12.9% (38/294)

Paternal asthma 22.3% (25/112) 26.1% (6/23) 16.0% (8/50) 28.2% (11/39)
No paternal asthma 13.0% (99/761) 9.7% (11/113) 12.3% (45/367) 15.3% (43/281)

BF = breast feeding.
*÷2 = 7.74; p<0.05, trend ÷2 p<0.005.
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developing asthma at the age of 6–13 years
were calculated relative to children not exclu-
sively breast fed for >4 months with non-
asthmatic mothers for three groups: (1)
children exclusively breast fed for >4 months
with asthmatic mothers; (2) children exclu-
sively breast fed for >4 months with non-
asthmatic mothers; and (3) children not exclu-
sively breast fed for >4 months with asthmatic
mothers. Exclusive breast feeding for >4
months in the presence of maternal asthma was
associated with a significantly increased odds
ratio for developing asthma in the child (OR
8.7, 95% CI 3.4 to 22.2) after adjusting for
confounders; the results were unchanged when
maternal asthma was limited to those with
current symptoms. Maternal asthma in the
absence of exclusive breast feeding was associ-
ated with increased odds of asthma of border-
line significance (OR 2.1, 95% CI 0.9 to 5.1).
Other factors associated with an increased risk
for asthma were atopy (OR 4.1, 95% CI 2.5 to
6.8), male sex (OR 1.6, 95% CI 1.0 to 2.7),
and paternal asthma (OR 2.0, 95% CI 1.0 to
3.7). As we have shown elsewhere,12 early
exposure to children either at home or in large
group day care was associated with significantly
reduced rates of asthma (OR 0.42, 95% CI 0.2
to 0.8).

RECURRENT WHEEZE AND INFANT FEEDING

HISTORY

The relation of recurrent wheeze to breast
feeding varied with age. Through 36 months
exclusive breast feeding for >4 months was
associated with significantly lower rates of
recurrent wheeze (8.9% v 13.8%, p<0.05).
After that age exclusive breast feeding showed
no relation to recurrent wheeze (17.1% v
18.5%, p<0.59). However, stratification by
maternal asthma status indicated that the pro-
tective eVect of exclusive breast feeding up to
and including the age of 3 years existed for
both those with and without maternal asthma
(table 3). Beyond that age recurrent wheeze
tended to increase if the child was exclusively
breast fed, but only if the mother had asthma.

EFFECT OF ATOPY IN THE CHILD

Since we had previously shown that atopic sta-
tus of the child altered the relation between
breast feeding and recurrent wheeze,9 eVect
modification by atopy was assessed. As shown
in fig 1, the relation between asthma and breast
feeding in children of asthmatic mothers
existed only for children who were themselves
atopic. The relative risk of asthma associated
with exclusive breast feeding was of similar

magnitude at each survey between the ages of
6–13 for atopic children with maternal asthma
(fig 2A). There was no risk associated with
exclusive breast feeding for non-atopic children
with maternal asthma or for children who had
non-asthmatic mothers. Atopy in the child was
unrelated to the method of infant feeding
(p<0.78), even after stratifying by the presence
or absence of maternal asthma (data not
shown).

To assess further the significance of the
interactions, a log-linear model was con-
structed including four variables: asthma and
atopy in the child, exclusive breast feeding for
>4 months, and maternal asthma status. The
four-way interaction between these variables
was of borderline significance (p<0.08). The
interaction term including asthma, maternal
asthma, and breast feeding was significant
(p<0.02), indicating that the interaction be-
tween maternal asthma and breast feeding
remained significantly related to asthma in the
child after taking the other interactions into
account.

Since atopy in the child altered the relation
between breast feeding and asthma, the
relation of atopy to recurrent wheeze was
assessed (table 4). In the first years of life
recurrent wheeze was unrelated to atopy. How-
ever, beginning at the age of 6, recurrent
wheeze was significantly more common in
atopic children. Figure 2B shows the relative
risk for recurrent wheeze associated with
exclusive breast feeding by maternal asthma
status and atopy in the child. In the first three
years of life breast feeding tended to be associ-
ated with lower rates of recurrent wheeze, and
the relationship was unaltered by either atopy
or maternal asthma status. Beginning at age 6,
however, recurrent wheeze was increased
among exclusively breast fed children, but only
if they had asthmatic mothers and were them-
selves atopic. In the other groups, breast feed-
ing showed no relation with recurrent wheeze.

Logistic regression was used to assess
relationships with recurrent wheeze after ad-
justing for confounders. Interaction terms were
not used in the first three years of life since nei-
ther maternal asthma nor atopy modified the
relation between breast feeding and recurrent
wheeze at this age. After adjusting for con-
founders, exclusive breast feeding was associ-

Table 3 Percentage (n) with recurrent wheeze, by infant feeding category and maternal
asthma status, in the first 3 years of life and at 6–13 years of age

Total Never BF
Exclusive BF
<4 months

Exclusive BF
>4 months

Age <3 years
Maternal asthma 18.4% (18/98) 27.3% (3/11) 19.2% (10/52) 14.3% (5/37)
No maternal asthma* 11.2% (89/795) 14.4% (19/132) 12.5% (48/384) 7.9% (22/279)

Age 6–13 years
Maternal asthma 34.0% (36/106) 25.0% (3/12) 29.8% (17/57) 42.2% (16/37)
No maternal asthma 15.5% (131/847) 20.1% (28/139) 13.7% (56/408) 15.7% (47/300)

BF=breast feeding.
*÷2 = 5.09; p<0.10, trend ÷2 p<0.05.

Figure 1 Percentage of children with asthma at 6–13
years for those with maternal asthma, by infant feeding
category and atopy in the child. BF=breast feeding.
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ated with a significantly lower odds ratio of
recurrent wheeze before the age of 2 (OR 0.45,
95% CI 0.2 to 0.9); by the age of 3 the odds
ratio was no longer significant. As expected,
neither maternal asthma nor atopy in the child
significantly aVected the odds of recurrent
wheeze in the early years of life. In contrast,
exclusive breast feeding was associated with
higher odds of recurrent wheeze at age 6–13
(OR 5.7, 95% CI 2.3–14.1).

Discussion
This analysis sought to clarify the confusing
picture relating infant feeding to childhood
asthma and wheeze by showing that the
presence of maternal asthma and atopy in the
child alters the relationship. In the first years of
life, longer exclusive breast feeding was associ-
ated with lower rates of recurrent wheeze,
regardless of both maternal asthma status and

atopy in the child. In contrast, longer exclusive
breast feeding was associated with an increased
risk of both asthma and recurrent wheeze at
6–13 years of age, but only in atopic children of
asthmatic mothers. There was no relation
between asthma and infant feeding in children
with non-asthmatic mothers or in those who
were themselves non-atopic.

Whether breast feeding protects against the
development of asthma and/or recurrent
wheeze has been long debated.13 While diVer-
ences in methods and definitions may account
for some of the conflicting findings, this analy-
sis suggests that lack of stratification by mater-
nal asthma and allergic predisposition in the
child may have obscured how the relationship
changes with the child’s age and atopic status.
Most studies reporting an apparent protective
eVect of breast feeding14 15 assessed “asthma” in
the first years of life. At this age, both the
immunological components of milk, such as
secretory IgA, which alter susceptibility to
infection,16 and growth factors which facilitate
maturation of organs, possibly including the
lung,17 may account for the well documented
protective eVect of breast feeding against
wheezing illnesses early in life.6 18–20

A protective eVect against later asthma is
more controversial. Several large population
based studies1–3 have found no relation between
feeding history and asthma but the results were
not adjusted by the presence of maternal
asthma or atopy in the child. One recent study4

in a large sample found a protective eVect of
breast feeding against later asthma. However,
the authors assessed the cumulative incidence
of asthma to the age of 6, thus including diag-
noses based on the predominantly infectious
wheeze that occurs before this age. We have
shown a similar protective eVect of breast feed-
ing on recurrent wheeze in non-atopic children
at the age of 69; others have reported similar
findings.21 The current study used a more
stringent definition of asthma, and results were
identical for recurrent wheeze independent of a
diagnosis of asthma. Furthermore, while breast
feeding was associated with lower rates of
recurrent wheeze early in life, its direct associ-
ation with later asthma in children of asthmatic
mothers was seen only for allergic asthma as
confirmed with objective markers of atopy. In
addition, a dose response was observed with
longer exclusive breast feeding carrying the
greatest risk of asthma for children of asthmatic
mothers.

If the association between breast feeding and
asthma reported here is biologically based, it
may be explained in two ways. Firstly, the milk
of allergic mothers may diVer from that of
non-allergic mothers in ways that aVect subse-
quent allergic susceptibility. Unlike T helper 1
(Th1) conditions which are associated with
antimicrobial immunity, asthma is a Th2
disease,22 reflected in the preponderance of
interleukin (IL)-4 and IL-5 which appear to
direct the Th1/Th2 balance towards allergic
hypersensitivity. If the cytokines present in
milk23 diVered by maternal atopic status, they
might influence the polarisation of the infant’s
immune response. In vitro experiments by

Table 4 Percentage (n)† with recurrent wheeze, by child’s atopic status at age 6

Total Atopic Non-atopic p value*

0–18 months 7.5% (79/1054) 8.2% (23/280) 7.2% (31/431) NS
8–36 months 5.9% (55/937) 8.0% (21/262) 6.3% (25/398) NS
6 years 7.7% (78/1016) 13.0% (38/292) 4.5% (20/442) p<0.00005
8 years 7.2% (60/832) 15.0% (37/246) 4.2% (15/360) p<0.000001
11 years 9.7% (90/929) 20.1% (55/274) 3.9% (16/411) p<0.000001
13 years 8.7% (61/702) 16.1% (35/218) 4.0% (12/298) p<0.000001

*Atopic v non-atopic children.
†Fewer children were skin tested at age 6 (n=737) than provided information on questionnaires.

Figure 2 Relative risks for (A) asthma and (B) recurrent wheeze associated with
exclusive breast feeding for >4 months compared with children breast fed for <4 months or
never, by maternal asthma and atopy in the child. *p<0.00001 for diVerence between
exclusively breast fed atopic children with asthmatic mothers v all other groups.
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Allardyce and Wilson24 showed that cord blood
lymphocytes stimulated with supernatants
from milk of atopic mothers were significantly
more likely to produce IgE than were lym-
phocytes stimulated with supernatants from
non-atopic mothers. It is not known what com-
ponents of milk are responsible for the
observed eVect; the levels of IgE in milk are
negligible and there is only one unconfirmed
report of the presence of IL-4 and IL-5 in
human milk.25 DiVerences in the levels of long
chain polyunsaturated fatty acid levels have
also been found in the milk of atopic compared
with non-atopic mothers,26 although the signifi-
cance of these substances for allergic asthma is
unclear. One recent study found that milk con-
tains large amounts of soluble CD14,27 a
substance that is inversely associated with total
serum IgE.28 If the levels of soluble CD14 vary
in milk as they do in serum by atopic status,
this variability might influence subsequent
development of the immune system in the
child. In addition, it could account for our
recent observation that total serum IgE was
raised in children of mothers with high IgE
only if they had been breast fed, while the
reverse was true for mothers with low IgE.29

An equally plausible speculation is that
breast feeding alters some other outcome in the
infant which, in turn, aVects susceptibility to
asthma, particularly among those who are
genetically at risk. It has been hypothesised30

that one cause of the worldwide increase in
asthma may be global changes in exposure to
infectious organisms through improved sanita-
tion and widespread use of antibiotics. In par-
ticular, it has been hypothesised24 that exposure
early in life to bacteria and their products
(largely through bacteria in the intestinal tract)
fosters dendritic cell maturation and produc-
tion of IL-12 which stimulates a Th1 response.
The gut flora of infants in the industrialised
world (where asthma prevalence is high) is less
diverse and lower in Gram negative organisms
than that currently found in infants in the
developing world.31 32 Other studies have
shown that evidence of past infection with oro-
faecal and foodborne (but not airborne)
organisms was associated with a lower preva-
lence of asthma.33 With regard to infant
feeding, exclusively breast fed infants have
lower levels of Gram negative enterobacteria in
their gastrointestinal tract34 and less diversity of
colonising species.35 In addition, breast feeding
protects against a wide range of infections.19 36

Both of these eVects provided critical selective
advantage under the conditions in which the
immune system of Homo sapiens evolved. How-
ever, these benefits of breast feeding may
reduce the stimulus for maturation of dendritic
cells in the context of reduced exposure to
microbes, thereby attenuating or delaying the
Th1 response, particularly in infants who are
doubly susceptible—by virtue of both a paren-
tal history of asthma and their own atopy.

It is also possible that the relationship
between breast feeding and asthma in children
of asthmatic mothers results from reporting
bias. Asthmatic mothers who breast feed may
behave diVerently from asthmatic mothers who

do not breast feed in ways which aVect their
child’s risk of being diagnosed with asthma.
For example, they may be more likely to seek
medical attention for wheeze in their child or to
remember a diagnosis of asthma. However, the
consistency of findings for both recurrent
wheeze and asthma by the age of 6 suggests
that the association with breast feeding in chil-
dren of asthmatic mothers is not due to diVer-
ential recall of asthma diagnoses or to use of
health services. Such mothers may also diVer
with regard to medication use during preg-
nancy which might aVect the development of
the immune system in some as yet undeter-
mined way in the infant, although the lack of
change when analyses were limited to mothers
with current symptoms makes this explanation
unlikely. It is also impossible to diVerentiate
shared exposures between breast fed infants
and their mothers from potential diVerences in
milk. However, in Tucson, asthma occurs most
commonly in children who are sensitised to
ubiquitous moulds rather than to indoor or
other localised allergens.37 Although the ob-
served eVects remained significant after adjust-
ing for potential confounders, we cannot com-
pletely exclude the possibility that either
unmeasured confounders or some reporting
bias may account for the current findings.

It is important to put the finding of increased
asthma among atopic children of asthmatic
mothers into perspective. For the majority of
children (89%) who do not have a maternal
history of asthma, exclusive breast feeding was
associated with lower rates of recurrent wheeze
in the first years of life and had no relation with
recurrent wheeze thereafter. In children with
maternal asthma exclusive breast feeding was
associated with protection from recurrent
wheeze in the first 3 years of life; after adjusting
for confounders this eVect was significant only
to 2 years. For children with maternal asthma
who were non-atopic (5% of the population)
exclusive breast feeding was not associated
with any increase after the age of 6 in either
recurrent wheeze or asthma. It was only in
atopic children with maternal asthma (6% of
the population) that longer exclusive breast
feeding was associated with significantly higher
odds of both recurrent wheeze and asthma
after the age of 6. Even if the relationship
between breast feeding and asthma in children
of asthmatic mothers is substantiated by other
studies, the eVects would need to be weighed
against the many other health benefits38 associ-
ated with breast feeding including optimal
nutrition, protection against infection, poten-
tial cognitive advantages, and maternal health.
Finally, since it is unknown whether a child will
become atopic until well past the time that
infant feeding choices are made, there is no
need to reconsider current recommendations
that infants be exclusively breast fed for 6
months.

The authors are indebted to the study nurses Marilyn Lindell
and Lydia De La Ossa and to Debra Stern for technical assist-
ance.
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